Appl. No. 10/685,496 A 

Amdt. Dated: June 15, 2005 

Reply to Office action of March 15, 2005 

•Amentfaneitts-to^the Specification^ 

Please am end the paae 3. from lineyas fulluw ing: 

Floating gate 116 is charged by applying an erase voltage Ve 
between 16 through 20 volts to the control gate 120 A a»d applying 16 
through 20 volts to the select gate 122 A and applying 0 [[volts]] volt is 
appli e d to the bit line, and source region 108 is floating. Electrons of 
the tunne ling oxide layer float from the drain region [[20]] 110 to the 
floating gate 1 16, thereby increasing the threshold voltage V t of the 
storage transistor 104 can be increased . IDC-A1 AMD 

Plea s e am e nd the page 3, from line ]flas following: 



The EEPROM cell 100 may be programmed by applying a program 
voltage V pp between 13-20 volts to the bit line and the select gate 122 
while the control gate 120 is grounding, and the source region 108 is 
in a high impedance state. The resultant e l e ctric electrical f ield causes 
the electrons [[to]] of the tunneling oxide laver that floats from the 
floating gate 116 to the drain region 112, thereby discharging the 
floating gate 116 is discharged, and decreasing the threshold voltage 
V t of the EEPROM cell 100 is decreased . Th e r e sultant V t of otorag e 



transistor 104, and thus the Thus, the current is conducted by the 

EEPROM cell 100 during a read operation that may be controlled by 

adjusting the program voltage V pp . 

J S ^ IDC-A2,AMD 



Please amend the page 3, from line l^as following: 

Erase take place electrically by F-N tunneling of electrons from the 
floating gate to the source (source erase) [[ot]] to the channel region 
(channel erase). During the electrical [[erase]] erasing operation, an 
[[oxide]] field oxide laver on the order of 10 MV/cm is generated across 
the thin oxide between the floating gate and the n+ source diffusion 
(or the channel). This is accomplished by the three types [[erase]] 
erasing methods. The extent of cell erasure is controlled by circuitry, 

roc-A3.AMDjvr 
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and is done algorithmically by using a series of [[erase]] erasing and 
[[erase]] erasing v e rify verifies operation. Each erase pulse is typically 
10 ms in length and is followed by a verification of the erased 
threshold by sensing the cell current. IDC-A3,AMD,M 



Pl e ase amend the page 4, f r om line J as following. 



One of the [[erase]] erasing methods is grounded gate source 
erase that is accomplished by biasing the source region [[to]] at a high 
potential, which is about 12V, and grounding the control gate and the 
substrate are grounded . The drain node is allowed to float. This 
causes electrons [[to]] of tunne ling oxide layer floats from the floating 
gate to the source region , which discharges or "erase" the floating gate. 
Under the grounded gate source erase conditions, the source bias 
generates significant band-to-band tunneling current, which is 
collected in the substrate. Because the source junction is biased near 
the avalanche regime, there is some multiplication of the 
band-to-band current. [[This]] These current acts as a voltage clamp, 
thereby limiting furth e r incr e aoe of the junction voltage b e cauoe of is 
limited to increase due to a voltage drop in the on-chip pass 
transistors. If the substrate current is sufficiently high, the hot holes 
[[that]] are generated by the breakdown that may start to erase the 
memory cell. The hot holes [[erase]] erasing process is difficult to 
control, and is avoided in well-designed memory cell. mc . A4>AMD 



Please amend the page 4, fr o m line 21 as fulluwing. 



Additionally, some holes [[that]] are generated by band-to-band 

tunneling are trapped in the gate oxide. This may lead to erase 

threshold non-uniformity, speed-up [[pf]] of erase time with cycling, 

degradation of charge retention, or speed-up of gate disturb. 

Balanced against these negative points is the simplicity of the memory 
IDC-A5,AMIXM 
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cell structure, which has led to considerable efforts to engineer 
junction in order to minimize the effects. 

Please amend the page 5, fium line^ as fulluwing: 

Another erase method is negative gate source erase, which is 
accomplished by biasing the source node at Vcc (5V) and applying 
approximately -10V to the control gate. [[A]] [[in]] In the grounded gate 
approach, the electrons of tunnel ing oxide layer float from the floating 
gate to the source diffusion. As a result, the memory cell is erased. 
The band-to-band tunneling generated holes, however, there are not 
heated as much as in the grounded gate case because of reduced 
lateral e l e ctric electrical field between the source region and the 
substrate (only 5 V at the source junction). Thus, the adverse effects 
from the holes [[that]] are generated from the band-to-band tunneling 
that may be reduced. Offsetting the expected improvement in [[erase]] 
erasing performance is the additional circuit complexity that is 
required for the switching [[of]] both positive and negative voltages by 
the word-line driver circuit. IDC-A6,AMD 

Please amend Lhe page 5, fiom line 2 0 as followin g: 

Typical operation will have floating gate charged positively with 

respect to ground when eased and charged negatively with respect to 

ground when programmed. To read the memory transistor, the control 

gate is grounded and the gate of select transistor is [[based]] biased 

positiv e ly positive voltage to provide a low resistance path from its 

drain contact to the drain of the memory transistor. The [[Drain]] 

drain contact provides the connection to the metal bit line. The [[Bit]] 

bit line is biased at a modest positive voltage (e.g. 2[[V]] volts) and the 

common source line is biased at ground. If the floating gate is erased, 

the current can flow from the bit line to the source region. If the 

floating gate is programmed, the memory transistor is in a 

H)C-A7,AMD,M 
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non-conducting state, and there are no current flows. The presence or 
absence of current flow is sensed to determine the state stored by 
memory transistor. 

IDC-A7,AMD,M 




Please amend th e pag e 6, from line 5 as fulluwing : 



The oxide in the tunnel window is typically about 10 nm thick. 
To program memory cell, the floating gate must be capacitiv e coupled 
to a sufficiently positive potential with respect to the drain region that 
a field is of about 10 MV/cm that appears across the tunnel oxide. 
This is accomplished by biasing poly 2 control gate at about 20 [[V]] 
volts while biasing the select gate at a sufficiently high potential such 
that the select transistor is conducting with the bit line at ground 
potential. Under these conditions, the drain region provides a source 
of electrons on the cathode side of the tunneling oxide layer . With 10 
MV/cm appearing across tunneling oxide layer. fowler-Nordheim 
tunneling occurs and charges the floating gate negatively. n)C-A8 AMD 



Li 

Please amend the page 8, from line Jff as following: 



Other objects, the advantages and sali e nt silent features of the 

invention will become apparent from the following detailed description 

taken in conjunction with the annexed drawings, which disclosed 

preferred embodiments of the invention. _ 

EDC-A9,AMD 



Pl e as e am e nd the p age 10, from line following 



The present invention provides a P-channel non-volatile memory 
cell that is invented to fit both the byte operation and flash operation 
in the same chip for the system on chip (SOC) era. Therefore, the 
present invention provides a flash memory cell that only utilized one 
transistor to perform the byte operation by using P-channel 
non-volatile memory cell so as to the [[space]] size of the memory cell 
can be reduced [[and]] A the complex process can be simplified, and the 

roc-AiOAMDjyi 
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cost can be greatly decreased. 
IDC-A10.AMDJM 



Please amend the page 10, from line ^gqo following: 

Referring to FIG. 2, the present invention provides a flash 

memory cell 10 with one transistor, which includes a P-type substrate 

12 and an N-type well region 14 formed therein, wherein the 

conductivity of the P-type is opposite to the conductivity of N-tvpe. A 

P-channel MOS (metal-oxide-semiconductor) stacked gate storage 

transistor 18 is formed on the P-substrate 12. A drain region 24 of 

P-type conductivity of the P-channel MOS stacked gate storage 

transistor 18 is formed in the N-type well region 14. Similarly, a 

source region 22 of P-type conductivity of the P-channel MOS stacked 

gate storage transistor 18 is formed in the N-type well region 14, 

which spaced apart from the drain region 24. In additional, the source 

region 22 is spaced apart by the isolation structure (not shown in FIG. 

2) such that the source voltage can be controlled respectively, wherein 

the isolation structure can be LOCOS (field oxide region) or STI 

(shallow trench isolation) [[14]] (not shown in FIG. 2) . 
IDC-A11,AMD 



Please amend the pag e 1 1, from line^as follow ing: 



The P-channel MOS stacked gate storage transistor 18 has a 
floating gate 18a, typically made of polysilicon, which is positioned 
over the tunneling oxide layer 16. The floating gate 18a of the 
P-channel MOS stacked gate storage transistor 18 is spaced apart 
from the source region 22. A control gate 18c is positioned above the 
floating gate 18a. In addition, a first insulator layer [[16]] as the 
tunneling oxide layer 16 is disposed between the floating gate 18a and 
the N-type well region 14, and a second insulator layer as an interpoly 
dielectric (IPD) layer 18b is disposed between the floating gate 18a and 
the control gate 18c, wherein the material of the IPD layer 18b can be 
an ONO layer (oxide/ nitride/ oxide). IDC A12»AMD 
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Please amend the page 11, f r om line 17 a3 following: 

In order to perform the byte programming and byte [[erase]] 
erasing operations in the non-volatile memory cell, the preferred 
embodiment of the present invention provides a memory cell structure 
with one transistor to reduce the size of the memory cell structure and 
the performance would be enhanced. In addition, the programming 
operation utilized the channel hot holes to induce the hot electrons 
injection and the [[erase]] erasing operation utilized the F^N 
(Fowler-Nordheim) tunneling. Thus, either the programming or [[erase]] 
erasing operations are having low voltage, aad the programming or 



Pl e as e amend the page 12, from line as following: 

As shown in FIG. 3, the programming operation for the 
non-volatile memory cell with one transistor is similar to the 
programming operation of the conventional flash memory cell. The 
non-volatile memory cell is programmed by applying a negative voltage 
around -4 to -6 volts to the drain region to induce hot electrons, 
wherein the hot electrons with higher energy, and in the channel 
region near the drain region. The hot electrons accelerate across the 
tunneling oxide layer and into the floating gate. The hot electrons are 
float into the floating gate, which is surrounded by an insulator layer. 
A gate is a "floating gate* when it is located between a control gate and 
the N-type well region , and is not connected to word line, bit line, or 
other line. The insulator layer can include the interpoly dielectric layer 
and the tunneling oxide layer. The floating gate would increase the 
threshold voltage V t of the non-volatile memory cell. The non-volatile 
memory cell is programmed by this change in the threshold voltage 
and the channel conductance of the non-volatile memory cell is 
created by the floating gate. The floating gate can hold the charge 



erasing operations has the lower power consumption. 



IDC-A13,AMD 
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almost indefinitely, even after the power is turned off to the memory 
-£2L tPC-AH A MP,M 



3* 

Pleas e amend th e page 12 , from lin e jj* as following: 



4 



During the programming operation, the negative drain voltage Vdd 
is applied to the drain region^ and the gate voltage V g is around the 
threshold voltage V t that dependent on the design, wherein the 
threshold voltage V t in the preferred embodiment is around -4 volts. 
Due to the drain voltage Vdd is higher than the threshold voltage V t to 
induce the hot electrons injection from channel region through the 
tunneling oxide layer into the floating gate, such that the electrons are 
hold in the floating gate. Furthermore, the bias would only allow a 
sub-threshold current flow in the flash memory cell during the 
programming operation^,]]., ouch that Thus, the injection efficiency is 
high for this flash memory cell and the power consumption of the 
integration circuit device would be lowered. H)C-A15,AMD 



Please amend th e page 13, from line }<fas follow iftgr- 

On the other hand, the word line 0 of the unselected cell devices 

are applied a threshold voltage V t and word line 1 of the unselected 

cell devices are grounded (0 volt) in the memory cell array. The bit line 

0 is applied a negative drain voltage Vdd and the bit line 1 is grounded. 

IDC-A16,AMD 



Please amend the page 13, from line ffiaa following: 



In addition, in order to avoid the distribution during the 

programming operation, the word line 1 is grounded and the voltage of 

the word line 0 is approached the negative threshold voltage, Vg=-V t , 

but the bit line 1 is grounded, such that the trnasistor transistor 

exhibits turn off state. Because there is no lateral e l e ctric electrical 

field to generate the hot electrons, oo ao to thus, the hot electrons [[is]] 

are not generated. Thus, there [[the]] is no programming operation 
IDC-A17,AMD,M 
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occurred. Thus, the state of the gate transistor is turned off while 
when the threshold voltage V t is applied to the word line 0 which is 
higher than the drain voltage Vdd. IDC-A17,AMD,M 



Please amend the pag e 13, fr o m line Vfi as following; 

Referring to FIG. 4, the preferred embodiment of the present 
invention provides the flash memory cell is erased by channel 
Fowler-Nordheim (FN) tunneling. In order to perform the byte [[erase]} 
erasing operation, the erase voltage Ve is applied to the bit line 0, and 
the N-type well region and the bit line 1 are grounded, the word line 0 
is applied a n e gation negative voltage, V pp , and the word line 1 is 
grounded as well as the bit line 1. In addition, tho voltagoo of th e 
oourc e line 0 and the oourc e lin e 1, th e r e for e , Therefore, the source 
voltage exhibits floating, and the erase voltage Ve is applied to N-tvpe 
well region. The high electrical field from biases of +V PP and -Ve would 
be pulled the electrons of floating gate to N-type well region by F-N 

tUnneUng - IDC-A18,AMD 

Please amend the page 1 4 , from line 9 as following ; 



For the P-channel flash memory cell, the control gate voltage Vcg 
is higher (less negative) while the electrons are hold in the floating 
gate, in contrast, the control gate voltage Vcg is decreased Omor e 
(more negative) when the electrons [[is]] are pulled out from the 
floating gate through the tunneling oxide layer into the N-type well 
region . IDC-A19,AMD 



Pleas e amend the page 1 4 , from line y?ao follo wmgf 

If the control gate voltage Vcg is higher than the threshold voltage 

V t , the P-channel flash transistor would be "turned on" to perform the 

erasing operation. On the other hand, the channel is increased over 

the surface of the N-type well region when the voltage is applied to the 

roC-A20,AMD,M 
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gate to let the PMOS [[turned]] turn on. If the bit line bias is positive 
[[VE]] Ve, the high electrical field electron control gate (-V pp ) and 
channel region (+Ve) would pull the electrons from the floating gate to 
channel via F-N tunneling through the tunneling oxide layer . If the bit 
line bias is grounded, the electrical field between the control gate (-V pp 
or grounded) and the channel region (grounded) [[was]] is not enough 
to assist FN-tunneling to pull out the electrons from the floating gate. 
So it would achieve byte [[erase]] erasing operation by selecting the WL 
and BLbias. IDC-A20,AMD,M 



Pl e ase a mend the page 15, from lineu p as following : 



Furthermore, the source lines (source line 0 and source line 1) 

along the bit line direction is divided by the isolation structure, which 

comprises the isolation structure to block the leakage current between 

the different cells on the same word lines. In order to release the 

constraint of high voltage in the periphery devices, the negative 

voltage is applied to the gate A and the positive voltage is applied to the 

drain region and n- type well region. Thus, the thinner gate oxide layer 

and lower Vbdss can be sustained this non-volatile higher operating 

voltage operation to simply the process and reduce the cost. 
IDC-A21,AMD 

# 

Please amend the page 15, from line yS as fulluwing. 



According to aforementioned descriptions, the advantages of the 
present invention as following: firstly, the non-volatile memory cell 
only utilized one transistor to perform the byte programming 
operation and the byte [[erase]] erasing operation, such that the device 
area can be diminished to shrink the integration circuit size. It could 
be served flash memory cell and EEPROM applications with one 
transistor technology. IDC-A22,AMD 



t- >* , 4 ... 

Please amend the page L o , f r om line / as following : 
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Thirdly, during the erasing operation, the channel potential is 
depended on the state of the bit line to let the e l e ctric electrical field of 
the transistor is not enough to perform the erasing operation to pull 
down to the N-type well region from the floating gate, or inhibit the 
[[erase]] erasing operation to reduce the electrical field, jdq.&is AMD 



Please amend the page 20, from line 10 as following: 

The present invention provides a non-volatile memory cell 
structure suitable for the flash memory cell and EEPROM cell 
(electrically erasable programmable read only memory cell) to perform 
the byte programming and byte [[erase]] erasing operations. In the 
programming operation, a higher negative voltage applied to the drain 
region, such that the hot holes is generated to induce the hot 
electrons into the floating gate through the tunneling oxide layer in 
the lateral electrical field. In addition, the gate voltage is around the 
threshold voltage, which dependent on the integration circuit device 
design. Furthermore, the non-volatile memory cell utilized the channel 
Fowler-Nordheim tunneling for erasing operation. In order to perform 
the byte erasing operation, the drain junction used as an inhibition 
switch. Thus, the unselected cell in the same word line is inhibited by 
biasing the drain to ground. Therefore, the word lines of unselected 
cells are grounded. IDC-A24,AMD 
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